The aim of this study was to determine the chemical composition, minerals and antioxidants of heart of date palm from three Saudi cultivars. Moisture (ranged from 80.44% -82.82%) was the predominant component in the heart date palm. Sukkari cultivar had the highest protein (5.27%) and ash (7.9%) compared to the other two cultivars. Fat was low in the three cultivars. Sucrose was the predominant sugar in the heart date palm and ranged from 7.65% -20.25%. Potassium was the predominant mineral in the heart date palm and was significantly (p ˂ 0.05) higher in Sukkari and Solleg compared to the Naboat Saif cultivar. Sulfur and chloride were next to potassium in abundance in the three heart date palm cultivars. Total phenols and flavonoids were higher in Solleg compared to the other two cultivars. IC50 for Solleg, Sukkari and Naboat Saif were 0.12, 0.13 and 0.29 mg/ml, respectively. The results of the present study may highlight the potential importance of heart of date palm as a product rich in essential minerals and antioxidants. Future researches are needed to explore other characteristics of heart of date palm which could be considered for human nutrition.
Introduction
The palm family (Arecaceae) is comprised of 183 genera and over 2400 species. The five major palm species D. M. Trabzuni et al. 1375 are nut palm, peach palm, coconut palm, oil palm and date palm [1] . Date palm tree, Phoenix dactylifera L., is an important plantation crop for many countries extending from North Africa to the Middle East including many states of the Arabian Gulf cooperation countries [2] . Date palm is an important fruit crop in the Kingdom of Saudi Arabia and it has more than 23 million date palm trees and over 320 varieties with annual earning of over 500 million USD [3] . Chemical composition, phenolic composition and antioxidant capacities of date fruits were reported in many studies [2] [4]- [6] .
Heart-of-palm is extracted from several palm genera and species [7] . The heart of palm is composed of the apical meristem of the palm plus part of the young or immature leaves emerging from the meristem. This edible meristem is frequently consumed in salads, soups and other gourmet dishes [8] . Saudis consume this product in its fresh form immediately after its extraction from the tree. Pollack et al. [9] considered palm heart as a nontimber forest product that could add to the economy of tropical countries. Ecuador is the biggest world exporter of palm heart followed by Costa Rica and Brazil [10] . Hearts of palm are relatively rich in protein (2.81% -2.27% in fresh weight) and contain 17 amino acids. All the essential amino acids present in heart of palm. Hearts of palm are also excellent source of dietary fiber. They are moderate source of minerals such as Ca, Fe, K, Na, P, and Zn. However, they are low in fat and sugars [8] . The nutritional value of heart of palm (extracted from an Iranian date palm variety) was also investigated by Movahed et al. [11] . They stated that the sample contains unsaturated fatty acids, minerals (Zn, Fe, Mg, P, Mn, Ca, Cu, Na, K and Se) and crude fiber in fair amounts. Shimizu et al. [10] investigated the phenolic profile and polypherol oxidase activity in heart of palm samples extracted from three commercial species.
The present work may be the first in studying chemical and nutritional properties of heart of date palm of Saudi origin. Heart of palm or Al-Guomar, as locally called, has no economic value compared to date fruits. The data obtained from analyses in this study may help in expanding the utilization of this date palm product.
Material and Methods

Preparation of Heart of Palm Samples
Samples consisting of stems and leaves of three Saudi date palm varieties (Sokari, Nabout Saif, and Soulag) were obtained from Agricultural Experimental Station at Derab in Riyadh, King Saud University. An experienced staff affiliated to plant production department (Faculty of Food and Agriculture Sciences) was involved in peeling of date palm heart (Al-Goumar) samples, considering minimizing losses in heart of date palm tissue. Heart of palm samples were quickly freed from other plant debris then freeze dried. The dried material was milled to pass 60 mesh sieves and the flour was stored in air tight container and kept at 4˚C until further analysis.
Chemical Composition
Moisture, ash, lipid and crude protein contents were determined by methods of standard Association of Official Analytical Chemists [12] . Sugars (glucose, fructose, sucrose) were extracted from heart of date palm samples following Lane and Enon method [12] . Sugar analysis was carried out using Shimadzu HPLC-Lc 10AB, detector RID-10A. Acetonitrile (80%) and water (20%) were used as mobile phase. Data acquisition was performed with the Shimadzu LC-Solution Software.
Mineral Determination
The instruction of the instrumental (ICP-MS) manual was followed for sample preparation and calibration.
Reagents
Nitric acid (HNO 3 ) (69% v/v), super purity grade from Romil, England, hydrochloric acid (HCl) (37% v/v) and hydrofluoric acid (HF) (40% v/v) were supra-pure from Merck Germany. High purity water obtained from Millipore Milli-Q water purification system was used throughout the work.
Sample Preparation
Freeze-dried date palm heart samples were ground then sieved to pass through 200 mm sieve and transferred to plastics bags. Samples were prepared by accurately weighing a round 200 mg of samples into a dry and clean Teflon digestion beaker, 2 ml of HNO 3 , 6 ml HCl and 2 ml HF were added to the Teflon beaker. Samples were digested on the hot plate at 120˚C -150˚C for approximately 40 minutes. The resulting digest was not clear, so it was filtered through what man filtered paper No. 42. The filtered digest was transferred to a 50 ml plastic volumetric flask and made up to mark using deionized water. A blank digest was carried out in the same way.
Instrumentation
The analytical determination of minerals was carried out by ICP-MS (Inductively Coupled Plasma-Mass Spectrometer): ELAN 9000 (Perkin Elmer Sciex Instrument, Concord, Ontario, Canada). The operation conditions of the instruments used was as follows: RF power: 1250 W; nebulizer gas flow: 0.92 L/min; lens voltage: 9.25 V; analog stage voltage: −1762.5 V; pulse stage voltage: 1050 V; number of replicates: 3; reading/replicates: 20; scan mode: peak hopping dwell time: 40 ms, and integration: 1200 ms.
Calibration
The ICP-MS calibration was carried out by external calibration with the blank solution and three working standard solutions (10, 20 and 30 µg/L), starting from a 1000 mg/L single standard solutions for ICP-MS (Aristar grade, BDH laboratory supplies, England) for the trace elements.
Antioxidants Determination
Reagents
Folin-Cioalteau's phenolic reagent, 2,2-dyphenyl-picrylhydrazyl (DPPH), and Gallic acid obtained from Sigma. All other reagents were of analytical grade.
Preparation of the Extracts
A powder of each material (10 g) was extracted by 100 ml of 60% ethanol with continuous shaking at 30˚C for 24 h. The extracts were filtered through what man No. 1 filter paper and the liquid portions were analyzed for their phenolic, falvonoids and their antioxidants activity. Samples were analyzed in triplicate.
Determination of Plant Extract Yield
The yield dried date palm heart extract based on dry weight basis was calculated on the following equation.
Yield g/100 gram plant material = (W1 × 100)/W2 W1 and W2 were the weight of extract after the solvent evaporation and the weight of dry plant tissue material, respectively.
Total Phenol Content Determination
The polyphenol content was quantified by the Folin-Ciocalteau phenol reagent according to the protocol of Xu and Chang [13] . The method is based on the colored reaction of phenolics with the reagent. Folin-Ciocalteau reagent is reduced to a blue colored oxide at pH 9.0 upon the reaction with phenols. Intensity of the resulting color was measured in a spectrophotometer at 765 nm. Aliquots of test samples (50 µl, 20 mg sample/ml 60% ethanol) were mixed with 3.0 ml distilled water, 750 µl 7% Na 2 CO 3 , and 0.5 ml Folin-Ciocalteau reagent. The absorbance was measured at 765 nm after 30 min incubation at room temperature. The standard curve (Figure 1 ) was prepared using known concentrations of Gallic acid (GAE). The total phenol content in the test samples was calculated from the Gallic acid standard curve and expressed as mg GAE/100mg sample.
Determination of Total Flavonoid Content
Colorimetric aluminum chloride method was used for flavonoid determination using a method by Xu and Chang [13] . Aliquots of extract were taken and the volume made to 2 ml with distilled water and then mixed with 75 µl of 5% NaNO 2 . After 6 min, 150 µl AlCl 3 (10%) solution was added and allowed to stand for 5 min before adding 0.5 ml of 1.0 M NaOH and 2.5 ml distilled water. The solution was mixed and the absorbance was measured at 510 nm. A standard calibration curve was prepared using known concentrations of quercetin (QE). The total flavonoid in the test samples were calculated from the standard plot and expressed as mg QE/100mg sample.
DPPH Radical-Scavenging Activity
The DPPH assay method is based on the reduction of 2,2-diphenyl-1-picryl hydrzyl radical (DPPH), a stable free radical. The effect of phenolic compounds on the DPPH radical was used for determination of antioxidant activity of the extracts. When DPPH reacts with an antioxidant compound it can donate hydrogen, it is reduced and the color changes from deep violet to light yellow.
The ability of the samples scavenge DPPH radicals was determined according to the method of Xu and Chang [13] , with some modifications. DPPH (0.1 mM) radical solution in 95% ethanol was prepared. DPPH stock solution (1 ml) was added to various concentrations (0.01 -1 mg/ml in 60% ethanol). The control was prepared as above without any extract. The reaction mixture was allowed to stand in dark for 30 min at room temperature and the discoloration of DPPH was measured against blank at 517 nm. The radical scavenging was calculated using the following equation:
Abs.Sample 517 nm Scavenging effect % = 1 100 Abs.Control 517 nm
The assay was carried out in triplicate and the results were expressed as mean values ± standard deviation.
Statistical Analysis
All analyses were carried out in triplicate and data were expressed as mean ± standard deviation. Duncan's test for multiple mean comparisons was performed to determine differences (P ≤ 0.05) between means. Results were processed using SAS statistical programs.
Results and Discussion
Chemical Composition
Chemical composition of date palm heart samples is shown in Table 1 . Values of protein, fat, ash and carbohydrates were presented in wet and dry weight basis. Moisture is the predominant component in the fresh samples, ranging between 80.44% -82.82%. Heart palm of Sukkari contained the highest amount of protein (2.57%) in wet weight basis. Movahed et al. [11] reported low value of protein (1.06%) for heart of date palm of Iranian variety. Fat contents (dry weight basis) for Sukkari, Sollag and Naboat Saif were higher than that reported by Simias et al. [14] in King Palm flour (0.91%). One unique feature in the composition of the three samples ( Table 1) is their high content in ash and carbohydrates. Ash contents expressed in dry weight basis of Sukkari, Sollag and Naboat Saif were 42.82%, 42.90% and 37.88%, respectively. Chemical composition of date flesh and date by-products for Omani varieties was reported by Al-Faris et al. [4] . They stated that ash content (in dry basis) for date flesh, press cake and seed were 1.65% -2.2%, 1.88% -2.68% and 0.94% -1.21%, respectively. Ash content reflects the mineral composition of the product. Leterme et al. [15] found high correlations (P ≤ 0.001) between total ash and concentrations of most macro-and micro-minerals they analyzed in some fruits and unconventional foods. The carbohydrates component is high (41.52% -50.92%) for the three samples in dry weight basis. Carbohydrates of heart of palm composed mainly of fiber [11] . Consumption of rich fiber foods has been most extensively studied regarding health benefits [16] . Concentrations of sugars (glucose, fructose, sucrose) were determined for the three samples ( Table 2) . Concentrations of glucose and fructose in Naboat Saif and Sukkari were lower than that reported by Saleh et al. [2] for these sugars in date palm fruits, also Simas et al. [14] reported high glucose content (32.1%) in king palm flour.
Mineral Composition
The composition of minerals of date palm heart samples is shown in Table 3 . Na, K, Mg, Ca, P, Cl and S contents are high compared to other minerals for the three samples. These seven elements called Macro-minerals are distinguished from the micro-minerals by their occurrence in the body, as they required in amounts greater than 100 mg per day [17] . K presented the highest content in the three samples. Leterme et al. [15] stated that K presented an average of 32% of the total mineral content of samples investigated. Cl, S and Ca come second to K in abundance in heart of date palm samples. All the mentioned macro-minerals have vital physiological and biochemical functions in human body. The four essential micro-minerals Fe, I, Se and Zn are present in the three samples in varying amounts. Compared to King palm flour mineral composition [14] , only Zn and Se are found in fair amounts. Cu content of the three samples (20.31 -30 .00 µg/g) considered to be fair compared to other plant-based foods [15] . Se is another mineral found in the three samples ( Table 3) in amounts comparable to other dietary sources. The greatest biological significance of selenium in the organism is associated with its occurrence in active sites of many enzymes and proteins [18] . Some of the micro-minerals (B, Si, Sn and Sr) are found in heart of date palm samples ( Table 3 ) in varying amount, e.g. Sr in Naboat Saif was higher than the other two samples, whereas Si was higher in Solleg compared to the other two cultivars. B, Si, Sn and Sr are found in humans as ultra trace minerals.
Other minerals, may be described as heavy metals (Pb, Cd, Al and Sb) and rare metals (Rb, Cs, La and In) were found in the samples investigated in varying amounts. Sb in Naboat Saif was higher compared to the other two samples. For the micro-minerals described as heavy or rare metals very little is known about the human needs or their roles in animal and human nutrition.
The diverse mineral composition of heart of date palm may be explained by the bioaccumulation capabilities of date palm tree to absorb minerals from the soil and accumulates these minerals in its tissues like other plant species such as mushrooms [19] [20] . Aldjain et al. [21] determined the concentration of lead (Pb) and cadmium (Cd) in washing residues and in the tissues of fruits of date palm growing in 14 sites of Riyadh. They stated that humans are likely to be exposed to heavy metal contamination from the dust that adheres to edible plants than from bioaccumulation.
Total Phenols, Total Flavonoids and Antioxidant Activity
Extraction Yield
The extraction yields of the three date palm heart samples using ethanol (60%) were 13.40%, 9.93% and 9.12% for Solleg Sukkari and Naboat Saif, respectively. Extraction yield is the percentage of weight of extract (after solvent evaporation) to the weight of total dry sample. Quantitatively extraction yield may indicate the amount [22] reported that the extraction yield (g/100g of date seed) of phenolic concentrate using water and acetone was 6.51 and 18.1, respectively. They reported that acetone had also high extraction efficiency.
Total Phenols and Flavonoids:
Total phenolic content (TPC) and total flavonoid content (TFC) of date palm heart samples are presented in Table 4 . Solleg had higher significant (P ≤ 0.05) TPC and TFC compared to the other two samples, while Naboat Saif come next for both components. The beneficial effects derived from phenolic compounds have been attributed to their antioxidant activity [23] and studies have suggested the role of phenolic compounds as the major sources natural antioxidants in foods of plant origin [24] . The results of TPC (Table 4) were lower than TFC of methanol extract of king palm flour (127 mg/100g) as reported by Simas et al. [14] and lower than total phenolics (73 mg/g) in fruit pulp of asaì tree (a primary source of heart-of-palm in Brazil) as found by Kang et al. [25] . Simas et al. [14] determined total polyphenol content in king palm flour. They found that both methanolic and aqueous extracts contained total polyphenol in amounts higher than other plant samples they analyzed. They reported that beneficial effects derived from phenolic compound have been attributed to their antioxidant activity. They further stated that antioxidant activity of the extracts cannot be predicted only by total polyphenol content. The values of TFC of the three samples ( Table 4) were much lower than the total flavonoid content of dry date fruit of Iranian origin (81.79 mg/100g) as reported by Biglari et al. [26] .
Antioxidant Activity
The ability of heart of date palm samples to scavenge DPPH radicals was determined and the results are shown in Figure 1 . Because DPPH radical is very sensitive to active ingredients of low concentration and can accommodate a large number of samples in a very short time, this procedure is often used for measuring radical scavenging activity of different plant extracts [27] . Referring to Figure 1 ; concentration of 1 mg/ml corresponds approximately to scavenging activities of 91%, 88%, 80% and 88% for ascorbic acid (Standard), for Solleg Naboat Saif and Sukkari, respectively. Benmeddour et al. [6] reported that DPPH scavenging capacity of 10 Algerian date (fruit) cultivars ranged between 52.2% and 86.0%. In the same context, Mansouri et al. [28] stated that DPPH radical scavenging activity of date fruit was highly correlated with the phenolics content (r 2 = 0.99). In this study, DPPH residual scavenging activity (%) was plotted against the sample extract concentration and a linear regression curve was established in order to calculate IC 50 , which is the amount of sample required to decrease the absorbance of DPPH free radical by 50%. IC 50 values of ascorbic acid for Solleg, Sukkari and Naboat Saif were 0.12, 0.22, 0.23 and 0.29 mg/ml, respectively. Ascorbic acid has the lowest IC 50 value compared to the three samples. In DPPH assay, the lower the IC 50 the better it is ability to scavenge the radicals [29] . IC 50 value of methanol extract of seeds of Nigella sativa (blackcumin) was found to be 168.8 compared to 8.6 µg/ml for ascorbic acid as standard [30] .
Conclusion
Comparatively minor attention has been given to date palm products other than the fruits. Utilization of all parts of the date palm may offer socio-economic benefits to date farmers and other sectors. The results of the present study may highlight the potential importance of heart of date palm as a product rich in essential minerals and antioxidants. Future researches are needed to explore other characteristics of heart of date palm which could be considered for human nutrition.
